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Objectives. This study was undertaken to evaluate the prognos-
tic value of an increase In fluorine M-18 deoxyglucose uptake
compared with clinical, anglographic and stress thallium findings
in patients with myocardial infarction .
Background. Positron emission tomography (PET) imaging
using F48 deoxyglucose has been applied to assess tissue viability
in patients with coronary artery disease . We hypothesized that
patients with a myocardial segment with augmented F-18 deoxy=
glucose uptake are at high risk for a future cardiac event,
Methods. One hundred fifty-eight consecutive patients with
myocardial infarction referred for F-18 deoxyglucose PET and
stress thallium scans were studied . Follow-up was obtained in 84
patients at a mean interval of 23 months to investigate prognostic
implications of radionuclide studies .
Results . Seventeen patients had a cardiac event during the
follow-up interval . Univariate analysis showed that an increase in
F-18 deoxyglucose uptake was the best predictor of a future
cardiac event (p = 0 . 6), followed by the number of stenosed
A major goal in the management of patients with coronary
artery disease is to identify patients at high risk for a future
cardiac event so that active treatment may be considered to
prevent such events . Patients with left ventricular dysfunc-
tion have a distinctly worse prognosis during medical ther-
apy than do those with preserved ventricular function (1,2) .
Although patients in stable condition after myocardial infarc-
tion have a relatively good clinical course, some patients
have residual ischemia, which has the potential to cause
future cardiac events . Thus, the development of methods to
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vessels (p = 0 .005) . in the multivariate analysis, when an increase
in F-18 deoxygincose uptake was entered into the model, only
anglographic variables had an independent prognostic value,
whereas no other radionuclide variables showed significant prog-
nostic value . Among patients who did not show redistribution, a
future cardiac event was observed more often in patients with than
in those without an increase in F-iS deoxyglucose uptake (p <
0.05) .
Conclusions. Thus, an increase in F-18 deoxyglucose uptake
seemed to be the best predictor si a future cardiac event among all
clinical, anglographic and radionuclide variables In this study of
stable patients with myocardial infarction . Even when a stress
thallium-201 scan does not show redistribution, those patients who
have an increase in F-18 deoxyglucose uptake in a PET study may
be at risk for a future cardiac event, and these patients may need
aggressive treatment to prevent a future cardiac event .
0 Am Coll Cardiol 1993,22:1621-7)
detect viable but jeopardized myocardium in such patients is
of clinical importance, particularly for determining the most
appropriate management of such patients .
Radionuclide imaging has been widely used for the detec-
tion and management of patients with coronary artery dis-
ease. Stress thallium-201 imaging and stress radionuclide
ventriculography have been considered to play important
prognostic roles in identifying patients at high risk (3-9).
In particular, the presence of redistribution on a stress
thallium-201 scan has been shown to predict future cardiac
events in follow-up studies of patients with coronary artery
disease (5,6,9,10) .
Recently, positron emission tomography (PET) imaging
has emerged as a promising tool for demonstrating myocar-
dial viability in patients with coronary artery disease (11-15) .
Fluorine (F)-18 deoxyglucose has been used as a marker of
exogenous glucose utilization . Thus, a pattern of increased
F-18 deoxyglucose uptake in hypoperfused areas (termed the
perfusion-metabolism mismatch) is considered to represent
ischemic but viable myocardium, whereas a concordant
0735-1097/93/56.00
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decrease in metabolism and blood flow may represent myo-
cardial necrosis (11). Segments showing an increase in F-18
deoxyglucose uptake in hypoperfused areas may indicate
jeopardized myocardium as well . Thus, we hypothesized
that PET imaging may have prognostic value in patients with
myocardial infarction. Preliminary studies indicated that this
technique seems to be valuable for predicting future cardiac
events (16,17); however, its relation to other routinely per-
formed techniques as a prognostic tool remains unknown .
The purpose of this study was to assess the ability of PET
imaging to predict cardiac events compared with clinical,
angio6raphic and radionuclide findings in patients with myol
cardial imbWetion .
Methods
Patients. The study group comprised 158 consecutive
patients with myocardial infarction who underwent PET
imaging with F-18 deoxyglucose and stress thallium-201
imaging during the years 1985 to 1991 . Patients who had
experienced acute myocardial infarction <1 month previ-
ously or within 2 weeks after revascularization or who were
in an unstable condition, and thus could not perform a stress
thallium study, were excluded . Follow-up data for at least 6
months in 107 patients (65%) were obtained, Fifty-six pa-
tients (35%) were lost to follow-up . There were no differ-
ences observed in baseline clinical variables between pa-
tients with or without follow-up. All patients had evidence of
myocardial infarction occurring at least 1 month previously
on the basis of a prolonged (>30 min) episode of chest pain
and changes with elevated serial car-
diac enzymes. In addition, they were in stable condition at
the time of the study, with no signs of unstable angina or
congestive heart failure,
Twenty-two patients underwent coronary bypass surgery
or percutaneous transluminal coronary pmjfpstyy after the
radionuclide tudy . Eighteen of the 22 who underwent early
revasc lion (3 months after the radionuclide study)
were excluded from study because the decision to perform
this procedure may be subjective and related to the test
findings and, by itself, does not represent an adverse out-
come 00. However, late revascularization in the remaining
four patients was include .
.n this study as an adverse
outcome .
Each subject gave written informed consent approved by
the Kyoto University Clinical Study Committee .
CWONCY N*Qgra*. Standard cardiac catheterization
and coronary
anOomphky were performed in each patient at
the time of admission . Significant coronary stenosis was
defined as >50% lumen stenosis .
P*km MAWOR WinegroOk study . Positron emission
tonw1raphy was pedkwnumi with a whole-body, multislice
positron camera (Positologica III, Hitachi Medical Co.) . It
provided seven transverse slices at 16-mm intervals . The
elective resolution was approximately 10 mm, and the axial
resolution was 9.8 mm at full-width, half-maximum (18) .
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Each patient was studied in the fasting state for at least
5 h to maintain steady state during the study (14,19,20) .
After accurate positioning of the patient under the positron
camera using the ultrasound technique, a transmission
scan was performed for 15 min for accurate correction
of photon attenuation. Then, 100 to 300 MBq (2 .7 to 8.1 mCi)
of F-18 deoxyglucose was injected at rest . Approximately
60 min later, glucose metabolic imaging was performed for
8 to 10 min. Immediately after the first scan, the patient was
moved 8 mm in the axial direction, and the second scan was
performed . These two scans provided a total of 14 contigu-
ous transverse slices (8-mm spacing) covering a 104-mm field
of view in the axial direction (14,19,20) .
The nitrogen (N)-13 ammonia perfusion study was per-
formed separately within 1 week after the F-18 deoxyglucose
study. Approximately 400 to 800 MBq (10.8 to 21 .6 mCi) of
N-13 ammonia was injected at rest, and the rest perfusion
scan was started 3 min later . Two emission scans were
obtained, each for 5 to 8 min . From a series of transverse
slices of the metabolic and perfusion images, oblique tomo-
grams perpendicular to the long and short axes of the left
ventricular inyocirdium were also reconstructed to compare
the segments obtained by thallium-201 imaging (21),
Stress thallium-201 study. Each patient performed graded
bicycle exercise starting at 25 W, with an increment of 25 W
every 3 min. At peak exercise, 110 MBq (3 mCi) of thallium-
201 was injected, and the exercise was continued for another
I min. The stress thallium-201 scan began within 10 min after
the tracer injection . Three hours later, a delayed thallium-
201 scan was performed. In each thallium-201 scan, single-
photon emission computed tomographic images were
acquired, collecting 32 projection images of 30 s each
over 180* (22,23). A series of transaxial slices were recon-
structed with a filtered backprojection without using at-
tenuation correction. Oblique tomograms parallel to the long
and short axes of the left ventricle were also reconstructed
(22,23) .
Image analysis. The left ventricular myocardium was
divided into five segments (i.e., anterior, septat, apical
inferior and lateral segments) to assess the positron tracers
and thallium uptake in each segment . Both N-13 ammonia
and F-18 deoxyglucose uptake in the myocardium (cpm/
100 ml) were divided by injected dose (cpm) for display as
percent dose/100 ml of tissue for comparison with each other
at the corresponding areas (20) . The segments with normal
perfusion were defined as PET-normal . The hypoperfused
segments with increased F-18 deoxyglucose uptake above
the lower limits of the normal values in individual segments,
based on the normal data base, were defined as ischemia .
The hypoperfused segments with no F-18 deoxyglucose
uptake or slight uptake below the lower limits were defined
as scar (19,20) .
In the thallium-201 imaging study, two experienced ob-
servers scored uptake using a 5-point grading system (0 =
normal, l = equivocal, 2 = mild, 3 = moderate, 4 = severe
reduction) without knowledge of the clinical or angiographic
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Table 1. F-18 Deoxyglucosc-Positron Emission Tomographic and
Thallium-201 Findings in Relation to Cardiac Events in 84
Study Patients*
'Parentheses denote the number of patients experiencing cardiac events .
FDG = F-18 deoxyglucose ; PET = positron emission tomography .
data. When a myocardial segment showed a postexercise
score 4, an initial perfusion abnormality was considered to
be present When the score decreased by --I on the delayed
scan, the segment was considered to show redistribution
(it. The number of segments showing redistribution was
also calculated as a prognostic variable .
Prognostic analysis . Each patient was followed up by
chart review or telephone interview with regard to the
development of cardiac events, including cardiac death,
nonfatal myocardial infarction, unstable angina and late
revascularization. The mean follow-up interval was 23 .0
12.7 months (range 6 to 48) .
Values are presented as mean value 0: SD. Mean values
were compared with an unpaired t test . Frequency compar-
isons were made by chi-square analysis to compare propor-
tions . Actual event-free rates were analyzed using Kaplan-
Meier survival curves with regard to the presence of F-18
deoxyglucose uptake and redistribution on the thallium scan .
In addition, stepwise logistic regression analysis was used to
compare the predictive value of the radionuclide variables
with that of the clinical and angiographic variables . Vari-
ables were entered from the regression equation on the basis
of a computed significance probability to allow the identifi-
cation of the most powerful variable compared with all other
significant variables . When the most powerful variable was
removed from the model, additional power of discrimination
was sought until the two most powerful variables were
obtained .
Results
Radionuclide findings . An increase in F-18 deoxyglucose
uptake in at least one myocardial segment was observed in
48 patients . Redistribution on the stress thallium-201 images
was observed in 51 patients . Forty-one patients had positive
findings, on both scans, and 26 patients had negative find-
ings, on both scans . Thus, concordance between the two
tests was observed in 80% of the patients . There were 10
patients who showed positive redistribution but no increase
in F-18 deoxyglucose uptake, whereas 7 patients showed no
redistribution but increased F-18 deoxyglucose uptake
(Table 1) .
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Table 2. Clinical, Angiographic and Radionuclide Variables as a
Function of Cardiac Events in 84 Study Patients
Values presented are mean value ± SD
or number . F = female ; FDG =
F-18 deoxyglucose
; LVEF = left ventricular ejection fraction ; M = male ;
Ml
-
myocardial infarction,
Cardiac events . During the follow-up period, a total of 17
cardiac events were observed, including 3 cardiac-related
deaths, 3 nonfatal infarctions, 7 cases of unstable angina and
four cases of late (>3 months) revascularization . Unstable
angina was considered present when the patient had progres-
sive chest pain or chest pain at rest .
Variables hi patients with a cardiac event . Table 2 shows
the clinical, angiographic and radionuclide variables in pa-
tients with and without a cardiac event . Cardiac events were
more often seen in patients who had recurrent infarction
than in those with a first infarction (5 [29%] of 17 vs . 6 [9%]
of 67), but no other clinical variables showed significant
correlation with the cardiac event, However, all anglo-
graphic and radionuclide variables showed a significant
correlation with the cardiac event, including the number of
stenosed vessels on coronary angiography (p = 0 .007), left
ventricular ejection fraction on contrast ventriculography
(p = 0.028), redistribution (p = 0.041), the number of
redistribution segments (p = 0.009) and an increase in lung
uptake (p = 0.042) on the stress thallium-201 images and an
increase in F-18 deoxyglucose uptake on the positron scan
(p = 0.004) (Table 2) . In particular, all but one patient who
had a cardiac event showed an increase in F-18 deoxyglu-
cose uptake . Thus, patients who show increased F-18 deoxy-
glucose uptake in at least one segment may be more likely to
have a future cardiac event than are those without increased
F-18 deoxyglucose uptake (Fig . 1). Similarly, those who
show redistribution on the stress thalliumm scan may be more
likely to have a future cardiac event than are those without
redistribution (Fig . 2) .
On stepwise multivariate logistic regression analysis (Ta-
ble 3), an increase in F-18 deoxyglucose uptake was the most
significant predictor of a cardiac event (chi-square = 13 .53),
followed by the number of stenosed vessels (chi-square
7.67) .
When an increase in F-18 deoxyglucose uptake was
No Events
(n = 67)
Events
(n = 17) p Value
Age (yr) 58 :t 9 62 ± 8 NS
M1F 62/5 16/1 NS
Anterior/inferior MI 38/29 10/7 NS
Recurrent MI 6167 5/17 0 .026
Interval from MI (wk) 23/27 29/35 NS
Diseased vessels (no .) 1 .85 ± 0 .93 2 .53 ± 0.70 0 .007
LVEF (%) 50 ± 12 42 ± 14 0 .028
Thallium redistribution 37f,61 7 14/17 0 .041
No. of redistribution segments 1 .1 ± 1 .2 2 .0 ± 1 .2 0 .009
Increase in lung thallium
uptake
15/67 8/17 0 .042
Increase in FDG uptake 32167 16117 0 .009
Thallium
Findings
FDG-PET Findings
TotalFDG Increase No FDG Increase
Redistribution 41(14) 10(0) 51(14)
No redistribution 7 (2) 26(1) 33(3)
Total 48 (16) 36(1) 84(17)
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Figure 1 . Kaplan-Meier event-free rates for patients with stable
myocardial infarction who had an increase in F-18 deoxyglucose
(FDA) uptake (solid circles) in at least one myocardial segment and
those without increased F-18 deoxyglucose uptake (open circles) .
The incidence of cardiac events was significantly greater in patients
with (+) than in those without (--) an increase in F-18 deoxyglucose
uptake (p < 0.001) .
removed from this model, only the angiographic variables,
including the number of stenosed vessels (chi-square = 6 .35)
showed additional value for predicting a cardiac event .
Thus, F-18 deoxyglucose uptake and the angiographic find-
ings provided independent prognostic information .
Patients who did not show redistribution . When the 33
patients who did not show redistribution in any segment
were selected for prognostic study . 7 (21%) showed an
increase in F-18 deoxyglucose uptake . Two of the 7 patients
2. Kaplan-lacier event-free rates for patients with stable
myocardial infarction who showed redistribution (RD) on stress
thallium-201 scan (solid squires) and those without redistribution
( sq . The incidence of cardiac events was significantly
greater in patients with (+) than in those without (-) redistribution
on stress thallium-201 scan (p < 0.01) .
(P40.01)
0
0 .0 1 .o 2 .0 3 .0
FOLLOW-UP INTERVALS
(years)
Table 3. Multivariate Predictors of Cardiac Evcnts in 84
Study Patients
FDG
r
F-18 deoxyglucose ; Step 0 = before variables were entered into
the model; Step I ® after variables were entered into the model.
had a cardiac event compared with only I of 26 patients who
did not show an increase in F-18 deoxyglucose uptake (p <
0.05) .
Discussion
The present study indicated that an increase in F-18
deoxyglucose uptake seems to be the best predictor of future
cardiac events among all clinical, angiographic and radionu-
elide variables in the study of stable patients with myocardial
infarction. Multivariate analysis indicated that when the
F-18 deoxyglucose variable was entered into the model, only
the angiographic variables had prognostic significance,
whereas no other clinical or radionuclide variables had
prognostic value . More important, even when the stress
thallium-201 scan did not show any redistribution, those
patients who had an increase in F-18 deoxyglucose uptake
appeared to be likely to have a future cardiac event .
Significance of increase in F-18 deoxyglucose uptake. Pre-
vious experimental studies have indicated that exogenous
glucose utilization is accelerated in acutely ischemic myo-
cardium (24,25) . Thus, PET imaging can identify ischemic
myocardium as an area of augmented uptake of F-l8 deoxy-
glucose, a glucose analogue (26), relative to perfusion,
thereby defining a blood flow-metabolism mismatch (12).
In clinical studies, an increase in exogenous glucose
utilization was observed in patients with stress-induced
ischemia (27), unstable angina (28) and non-Q wave or Q
wave myocardial infarction (29,30) . Schwaiger et al . (31), in
a study of patients with acute myocardial infarction, dem-
onstrated that hypoperfused segments with preserved F-18
deoxyglucose uptake often showed improvement or deteri-
oration of regional wall motion in the follow-up assessment .
These areas may represent ischemic and jeopardized myo-
cardium that may have improved regional function after
spontaneous or interventional revascularization (13,14) but
may also be at risk for unstable angina or infarction .
Our group (16) and Eintzmen et al . (17) first pointed out
that augmented F-18 deoxyglucose uptake in hypoperfused
areas was a potential prognostic indicator in patients with
myocardial infarction (16,17) . Patients with an increase in
F-18 deoxyglucose uptake in at least one segment may be
more likely to have a future cardiac event than are those
Step 0 Step I
Chi-Square
Analysis p Value
Chi-Square
Analysis p Value
Increase in FDG
uptake
13 .35 0.0006
No. of diseased
vessels
7
.67 0.008 6 .35 0.02
JACC Vol. 22, No . 6
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without any increase in F-18 deoxyglucose uptake . In addi-
tion, the risk for cardiac events seemed to be minimized
when patients showing an increase in F-18 deoxyglucose
uptake received interventional therapy (17). Our present
data indicated that F-18 deoxyglucose uptake was the best
predictor of future cardiac events among all clinical, angio-
graphic and radionuclide variables in the multivariate anal-
ysis.
Relation to other prognostic variables . Assessment of
ventricular function and coronary angiography may be im-
portant in the prognostic study of patients with acute myo-
cardial infarction (32,33) . In addition, prognostic study in the
predischarge period might also be important in the future
management of patients with myocardial infarction . The
present study focused on risk stratification of patients with
stable infarction, excluding those in th_- acute stage (<I
month) of infarction and unstable angina .
In the predischarge period after myocardial infarction,
stress thallium-201 imaging has been shown to have prog-
nostic importance (6-10) . The presence of redistribution on
the stress thallium-201 scan would be expected to identify
patients with residual jeopardized but viable myocardium .
Furthermore, an increase in lung uptake of thallium-201 on
the stress scan, as a potential marker for severe coronary
artery disease and left ventricular dysfunction (34-37), has
been associated with a poor outcome in patients with coro-
nary artery disease (9) . The present study supported these
findings .
Our previous results indicated that the F-18 deoxyglucose
findings were quite similar to the stress thallium-201 or N-13
ammonia findings, although the former may be slightly more
sensitive for detecting ischemia (38-40) . In the present
study, however, there were 10 patients who showed redis-
tribution on stress thallium-201 scan but no increase in F-18
deoxyglucose uptake on PET imaging. These areas may
represent ischemic myocardium but normal perfusion at
rest. None of the 10 had a cardiac event . However, seven
patients had no redistribution on stress thallium-201 tomog-
raphy but showed an increase in F-18 deoxyglucose uptake
on PET scanning. These areas may contain ischemic and
jeopardized myocardium that is at risk for future cardiac
events with conservative treatment . Although the number of
such patients was small in this study, two of the seven
patients had a cardiac event during the follow-up interval . In
this respect, PET imaging seems to be superior to conven-
tional stress thallium-201 imaging for identifying patients at
high risk. Once the F-18 deoxyglucose variable was entered
into the model, no thallium-201 variables added a prognostic
value to the multivariate analysis .
Potential limitations . 1) The present study is a retrospec-
tive study that focused on patients in stable condition after
myocardial infarction and excluded those with acute myo-
cardial infarction (< I month from onset) and these with
unstable angina . Thus, the rate of cardiac events seems to be
rather low compared with previous results in patients with
acute myocardial infarction, which may limit the present
TAMAKI ET AL
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study with regard to precise statistical analysis
. However,
risk stratificadoili in the predischarge period may also be
important in the future management of patients with myo-
cardial infarction .
2) Because an increase in F-18 deoxyglucose uptake was
very often observed immediately after revascu!uization
(40), patients who received thrombolytic therapy within 2
weeks were also excluded from this study . In addition,
patients undergoing a revascularization procedure within
3 months after the radionuclide study were also excluded .
Although such a procedure is an important cardiac event
and may be related to radionuclide findings, it is not neces-
sarily an adverse outcome . However, late revascularization
was considered an adverse outcome in these patients, prob-
ably because of intolerable unstable angina, and, therefore,
these events were included in this study (8) .
3) F-18 deoxyglucose was injected in the fasting state .
It is controversial whether the tracer should be injected in
the fasting state or after a glucose load (41-44) . The glucose
loading study may be suitable for assessing viable tissue on
the basis of the presence or absence of tr ..cer uptake .
However, a study in the fasting state may be. useful for
identifying ischernic and jeopardized myocardium as an area
of augmented F-18 deoxyglucose uptake . Because there is
heterogeneity of F-18 deoxyglucose uptake in normal myo-
cardium, particularly in the fasting state (41), tracer uptake
was assessed by comparing it with the normal range of F-18
deoxyglucose uptake in individual segments . In addition,
ischemic myocardium was defined as an area of enhanced
tracer uptake in a hypoperfused area (20) .
4) Stress and 3- to 4-h delayed thallium-201 images were
assessed with regard to the presence or absence of redistri-
bution. Reinjection scan findings were not used in this study
because the present study of risk stratification started in
1985, and the reinjection technique was not introduced until
1987 (45-48). Better correlation of thallium-201 and F-18
deoxyglucose findings may be expected (49,50) .
Clinical implications . Although patients in stable condi-
tion with healed myocardial infarction may have a relatively
good prognosis, risk stratification in the predischarge period
might be valuable in the management of such patients .
Positron emission tomography wing F-18 deoxyglucose
seems to be an excellent technique for identifying residual
myocardial ischemia, which is often observed after myo-
cardial infarction. The present study indicated that in-
crease in F-18 deoxyglucose uptake is the best predictor of
future cardiac events among all clinical, angiographic and
radionuclide variables in the follow-up study of patients in
stable condition with myocardial infarction . Although stress
thallium-201 imaging has been widely used to identify resid-
ual ischemia, PET imaging seems to be a better predictor
than redistribution on the stress thallium-201 scan .
Conclusions. Positron emission tomography using F-18
deoxyglucose is capable of playing an important prognostic
role in the study of patients with myocardial infarction .
When an increase in F-18 deoxyglucose uptake is observed,
1626
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such patients may need aggressive treatment to prevent
future cardiac events .
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